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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide the 
manufacturing method of an organic EL 
(electroluminescente) element comprising an organic 
stacked film with low cost and high characteristics and 
provide an ink composition capable of manufacturing this 
organic EL element. 

SOLUTION: This manufacturing method of an organic EL 
element having structure interposing a hole injection 
layer 120 and an luminescent layer 106 with an anode 
101 and a cathode 113 has a process in which a hole 
injection layer 120 is formed by applying an ink 
composition containing a hole injection material made of 
an organic compound to a specified region on a substrate 
by an ink jet method; and a process in which luminescent 
layers 106, 107 are formed by applying an ink 
composition containing a luminescent material made of an 
organic compound by an ink jet method. 
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[0094] (Fourth Embodiment) The fourth embodiment relates to a 
method of manufacturing an organic EL device by an ink jet method. 
Fig. 4 shows a manufacturing process of full color organic EL 
devices of three colors . 

[0095] A transparent substrate 104 serves as a support body and 
a surface from which light is brought out. Therefore, the 
transparent substrate 104 is selected taking transmittance 
characteristics of light and thermal stability into 
consideration. A glass substrate, a transparent plastic or the 
like, for example, is cited as a transparent substrate material , 
and the glass substrate is preferable because of superior heat 
resistance . 

[0096] First, pixel electrodes (101, 102, 103) were formed on 
the transparent substrate 104. Photolithography, vacuum vapor 
deposition, a sputtering method, a pyrosol method and the like, 
for example, are cited as a forming method, and the 
photolithography is preferable. A transparent pixel electrode 
is preferable as the pixel electrode, and a tin oxide film, an 
ITO film, a complex oxide film of indium oxide and zinc oxide, 
and the like are cited as a material constituting the 
transparent pixel electrodes . 

[0097] Next, banks 105 were formed by photosensitive polyimide 
to fill areas between the above -described transparent pixel 
electrodes. This improves contrast, prevents color mixture of 
luminescence material, and prevents light leakage or the like 
from the area between the pixels . 

[0098] Although a material constituting the banks 105 is not 
particularly limited as long as it has durability to a solvent 
of the EL material, an organic material such as acrylic resin, 
epoxy resin, and photosensitive polyimide is preferable since 
it can be transformed into Teflon by fluorocarbon gas plasma 
processing. Alternatively, the material may be a laminated 
bank having an inorganic material such as liquid glass as an 
underlayer. Further, the banks 105 maybe black resist where 
carbon black is mixed into the above-described material. The 
photolithography, for example, is cited as the forming method 
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of the banks 105. 

[0099] Immediately before coating ink composition for a hole 
injection layer (hole transport layer, furthermore), 
continuous plasma processing by oxygen gas and f luorocarbon gas 
plasma was performed to the above -described substrate. This 
made a polyimide surface water-repellent and an ITO surface 
hydrophilic, by which wettability of the substrate is 
controlled in order to finely pattern Inkjet droplets. As an 
apparatus generating plasma, an apparatus generating plasma in 
vacuum and an apparatus generating plasma in atmosphere can be 
used similarly. 

[0100] Next, the Inkjet compound for hole injection layer cited 
in the first embodiment was ejected from the head 110 of an Inkjet 
printer 109 (MJ-930C manufactured by Seiko Epson Corp.) to 
perform patterning coat on each pixel electrode ( 101 , 102, 103). 
After the coating, the solvent was removed under the conditions 
of a vacuum (1 Torr) , room temperature and 20 minutes, and a 
hole injection layer 120 that is not compatible with the Inkjet 
compound for an emissive layer, which was cited in the second 
and the third embodiments, was formed by thermal processing of 
an atmosphere, 200°C (on a hot plate) and 10 minutes. The film 
thickness was 40nm. In this embodiment, the hole injection 
layer commonly used for each pixel was formed, but it may be 
formed using a hole injection material (or hole transport 
material) suitable for each emissive layer depending on the 
circumstances . 

[0101] Further, the Inkjet compound for a red-emissive layer, 
which was cited in the third embodiment, and the Inkjet compound 
for a green -emissive layer, which was cited in the second 
embodiment, were coated in a patterned state on the pixel 
electrodes (101, 102) via the hole injection layer 120 by the 
Inkjet method. After the coating, the solvent was removed under 
the conditions of the vacuum (1 Torr) , the room temperature and 
20 minutes, and the compounds were consecutively conjugated by 

the thermal processing of a nitrogen atmosphere, 150°C and 4 
hours to form a red-emissive layer 106 and a green-emissive 
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layer 107. The film thickness was 50nm. The emissive layers 
conjugated by the thermal processing are insoluble to the 
solvent . 

[0102] According to such Inkjet method, a fine patterning can 
be performed simply and in a short time. Furthermore, the film 
thickness can be changed by varying a solid content 
concentration and an ejection amount of the ink compound. 
[0103] Further, the continuous plasma processing of oxygen gas 
and fluorocarbon gas plasma may be performed to the hole 
injection layer 120 before forming the emissive layers . 
Accordingly, a f luorinated matter layer is formed on either the 
hole injection layer or the hole transport layer 120, hole 
injection efficiency improves with higher ionization potential, 
and the organic EL device having higher emission efficiency is 
thus provided. 

[0104] Next, a blue-emissive layer 108 was formed on the pixel 
electrode 103 via the red-emissive layer 106, the 
green-emissive layer 107 and the hole injection layer 120. 
Accordingly, not only three primary colors of red, green and 
blue are formed but also the steps between the red-emissive 
layer 106, the green- emissive layer 107 and the banks 105 are 
buried and planarized. This surely prevents short circuit 
between upper and lower electrodes. By adjusting the film 
thickness of the blue-emissive layer, the blue-emissive layer 
works as an electron injection/transport layer in the laminated 
structure with the red-emissive layer and the green -emissive 
layer, and does not emit in blue color. 

[0105] The forming method of the blue-emissive layer 108 is not 
particularly limited, and the layer can be formed by a spin coat 
method that is generally used as a wet method or an Inkjet method . 
In this embodiment, a xylene solution of poly dioctylf luorene 
was spin-coated to form the blue-emissive layer 108 having the 
film thickness of 45nm. 

[0106] Copolymer with poly dihexy If luorene as a poly f luorene 
derivative or another polymerization group is cited as the 
blue-emissive layer, and organic compound having blue 
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fluorescent dye and electron injection/transport capability 
may be added, 

[0107] As the organic compound capable of forming the electron 
in jection/ transport layer, oxadiazole derivatives such as PBD 
andOXD-8, DSA # alumiquinol complex, Bebq, triasole derivatives , 
azomethine complex, porphine complex and the like are cited. 
[0108] As described in this embodiment, when two colors out of 
the organic emissive layers are formed by the Inkjet method and 
another color is formed by a conventional coating method, even 
a luminescence material that is not suitable enough for the 
Inkjet method can be combined with other organic luminescence 
materials used in the Inkjet method to form the full color 
organic EL device, and the degree of freedom in device design 
increases. As the conventional coating method other than the 
Inkjet method, a printing method, a transfer method, a dipping 
method, a spin coat method, a casting method, a capillary method, 
a roll coat method, a bar coat method, and the like are cited. 
[0109] Finally, a cathode (opposing electrode) 113 was formed. 
A metal thin film electrode is preferable as the cathode 113, 
and Mg, Ag, Al, Li and the like, for example, are cited as metal 
constituting the cathode. Additionally, a material having a 
small work function can be used, where alkali metal, alkali 
earth metal such as Ca, or alloy containing them can be used, 
for example. Further, fluorinated matter of metal can be also 
adopted. Such cathode 113 can be formed by a deposition method, 
a sputtering method or the like. In this embodiment, lOOnm of 
Ca was formed by a vacuum heat deposition method, 1200nm of Al 
was formed by the sputtering method, and they were laminated 
to form the cathode. 

[0110] Furthermore, a protective film may be formed on the 
cathode 113. By forming the protective film, deterioration, 
damage, peel or the like of the cathode 113 and each emissive 
layer 106, 107, 108 were prevented. 

[0111] Epoxy resin, acrylic resin, liquid glass and the like 
are cited as a constituent material of such protective film. 
Further, the spin coat method, the casting method, the dipping 
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method, the bar coat method, the roll coat method, and the 
capillary method are cited as the forming method of the 
protective film. 

[0112] In the organic EL device obtained in this embodiment, 
the pixel of each color was provided with brightness of 100 cd/m 2 
or more even at a low voltage of 5V or less. Further, the 
luminescence efficiency of the red pixel and the green pixel, 
which were formed by the Inkjet method, was 0.151 m/W and 0.251 
m/W respectively, and luminescence lifetime (time in which 
brightness reduces by 50% from an initial brightness when a 
constant current was applied to cause continuous luminescence) 
was 2000 hours or more. 

[0113] Such values were approximately the same as the ones of 
the red-emitting device and the green-emitting device, which 
were formed using the material same as the above -described one 
and in which the hole injection layer and the emissive layer 
were formed in the same laminated structure by spin coat. As 
described, superior characteristics were shown in the Inkjet 
method, and the devices equivalent to the ones made by the spin 
coat method were formed. 
[0114] 

[Effects of the invention] According to the present invention, 
the both hole injection layer and emissive layer are formed by 
the Inkjet method and the organic EL device can be obtained at 
a low cost, simply and quickly. Further, the ink composition 
for the hole injection layer and the ink composition for the 
luminescence material layer, which are superior in ejection 
quality, patterning quality and deposition quality, could be 
provided. Furthermore, by using the ink composition, the hole 
injection or hole transport layer and the emissive layer are 
simply and easily formed in patterns by the Inkjet method, and 
thus a high-definition full color organic EL device, which 
consists of the laminated structure and has superior 
characteristics, can be manufactured. 
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